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ADAPTIVE ELEVATOR DOOR DWELL TIME

A method of controlling an elevator door dwell

time includes obtaining a predefined load weight value;
obtaining a load weight value from a load weight sensor
coupled to an elevator car; comparing the load weight

value to the predefined load weight value to generate a
difference; and adjusting the elevator door dwell time in
response to the difference to define an adjusted elevator
door dwell time.
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Description
BACKGROUND

[0001] The embodiments disclosed herein relate to el-
evator systems, and more particularly, to elevator sys-
tems having an adaptive elevator door dwell time.
[0002] Existing elevator systems employ a door dwell
time to control how long the elevator doors remain open
when loading or unloading passengers. The door dwell
time is a portion of the service time (total travel time from
origin to destination) and has an influence on the quality
of the elevator service. Conventional elevator systems
use a fixed elevator door dwell time when a door open
limit (DOL) signal from an elevator door controller is de-
tected. If the elevator system is designed to accommo-
date handicapped passengers, the elevator door dwell
time may always default to a long elevator door dwell
time to accommodate handicap passengers. This may
result in other passengers having an unnecessary wait-
ing time. Also when passengers press the door open but-
ton, the elevator door dwell time may be longer than
needed.

BRIEF SUMMARY

[0003] According to an embodiment, a method of con-
trolling an elevator door dwell time includes obtaining a
predefined load weight value; obtaining a load weight
value from a load weight sensor coupled to an elevator
car; comparing the load weight value to the predefined
load weight value to generate a difference; and adjusting
the elevator door dwell time in response to the difference
to define an adjusted elevator door dwell time.

[0004] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a method wherein the adjusting comprises
decreasing the elevator door dwell time when the load
weight value is less than the predefined load weight val-
ue.

[0005] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a method wherein the adjusting comprises
increasing the elevator door dwell time when the load
weight value is greater than the predefined load weight
value.

[0006] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a method wherein the adjusting comprises
adjusting the elevator door dwell time by at least one of
a fixed amount, a fixed percentage and a function of the
difference.

[0007] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a method wherein the difference is deter-
mined by subtracting the load weight value from the pre-
defined load weight value.

[0008] In addition to one or more of the features de-
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scribed herein, or as an alternative, further embodiments
may include a method including opening the elevator
door and, upon expiration of the adjusted elevator door
dwell time, closing the elevator door.

[0009] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a method wherein the adjusted elevator door
dwell time is initiated before the elevator door is fully
open.

[0010] According to another embodiment, an elevator
system includes an elevator car having an elevator car
door; a load weight sensor coupled to the elevator car;
a controller, the controller configured to execute opera-
tions comprising: obtaining a predefined load weight val-
ue; obtaining a load weight value from the load weight
sensor; comparing the load weight value to the prede-
fined load weight value to generate a difference; and ad-
justing the elevator door dwell time in response to the
difference to define an adjusted elevator door dwell time.
[0011] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the adjusting comprises
decreasing the elevator door dwell time when the load
weight value is less than the predefined load weight val-
ue.

[0012] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the adjusting comprises
increasing the elevator door dwell time when the load
weight value is greater than the predefined load weight
value.

[0013] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the adjusting the elevator
door dwell time comprises adjusting elevator door dwell
time by a fixed amount, a fixed percentage or a function
of the difference.

[0014] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the difference is deter-
mined by subtracting the load weight value from the pre-
defined load weight value.

[0015] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the controller is configured
to open the elevator door and, upon expiration of the
adjusted elevator door dwell time, close the elevator
door.

[0016] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the adjusted elevator door
dwell time is initiated before the elevator door is fully
open.

[0017] In addition to one or more of the features de-
scribed herein, or as an alternative, further embodiments
may include a system wherein the controller includes an
elevator door controller and an elevator main controller.
[0018] According to another embodiment, a computer
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program product for controlling an elevator door dwell
time, the computer program product comprising a non-
transitory computer readable storage medium having
program instructions embodied therewith, the program
instructions executable by a processor to cause the proc-
essor to implement operations including: obtaining a pre-
defined load weight value; obtaining a load weight value
from a load weight sensor coupled to an elevator car;
comparing the load weight value to the predefined load
weight value to generate a difference; and adjusting the
elevator door dwell time in response to the difference to
define an adjusted elevator door dwell time.

[0019] Technical effects of embodiments of the
present disclosure include adaptively controlling an ele-
vator door dwell time of an elevator system in response
to an elevator car load weight value.

[0020] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof willbecome
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, that the following description and drawings are
intended to be illustrative and explanatory in nature and
non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present disclosure is illustrated by way of
example and not limited in the accompanying figures in
which like reference numerals indicate similar elements.

FIG. 1 depicts an elevator system that may employ
various embodiments of the present disclosure;

FIG. 2 depicts an elevator car and elevator controller
in an example embodiment;

FIG. 3 depicts a flowchart of a process for controlling
elevator door dwell time in an example embodiment;
and

FIG. 4 depicts initiating the elevator door dwell time
in an example embodiment.

DETAILED DESCRIPTION

[0022] FIG. 1is a perspective view of an elevator sys-
tem 101 including an elevator car 103, a counterweight
105, a tension member 107, a guide rail 109, a machine
111, a position reference system 113, and a controller
115. The elevator car 103 and counterweight 105 are
connected to each other by the tension member 107. The
tension member 107 may include or be configured as,
for example, ropes, steel cables, and/or coated-steel
belts. The counterweight 105 is configured to balance a
load of the elevator car 103 and is configured to facilitate
movement of the elevator car 103 concurrently and in an
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opposite direction with respect to the counterweight 105
within an elevator shaft 117 and along the guide rail 109.
[0023] The tension member 107 engages the machine
111, which is part of an overhead structure of the elevator
system 101. The machine 111 is configured to control
movement of the elevator car 103 and the counterweight
105. The position reference system 113 may be mounted
on a fixed part at the top of the elevator shaft 117, such
as on a support or guide rail, and may be configured to
provide position signals related to a position of the ele-
vator car 103 within the elevator shaft 117. In other em-
bodiments, the position reference system 113 may be
directly mounted to a moving component of the machine
111, or may be located in other positions and/or config-
urations as known in the art. The position reference sys-
tem 113 can be any device or mechanism for monitoring
a position of an elevator car and/or counter weight, as
known in the art. For example, without limitation, the po-
sition reference system 113 can be an encoder, sensor,
or other system and can include velocity sensing, abso-
lute position sensing, etc., as will be appreciated by those
of skill in the art.

[0024] The controller 115 is located, as shown, in a
controller room 121 of the elevator shaft 117 and is con-
figured to control the operation of the elevator system
101, and particularly the elevator car 103. For example,
the controller 115 may provide drive signals to the ma-
chine 111 to control the acceleration, deceleration, lev-
eling, stopping, etc. of the elevator car 103. The controller
115 may also be configured to receive position signals
from the position reference system 113. When moving
up or down within the elevator shaft 117 along guide rail
109, the elevator car 103 may stop at one or more land-
ings 125 as controlled by the controller 115. Although
shown in a controller room 121, those of skill in the art
will appreciate that the controller 115 can be located
and/or configured in other locations or positions within
the elevator system 101.

[0025] The machine 111 mayinclude a motor or similar
driving mechanism. In accordance with embodiments of
the disclosure, the machine 111 is configured to include
an electrically driven motor. The power supply for the
motor may be any power source, including a power grid,
which, in combination with other components, is supplied
to the motor. The machine 111 may include a traction
sheave thatimparts force to tension member 107 tomove
the elevator car 103 within elevator shaft 117.

[0026] Although shown and described with a roping
system including tension member 107, elevator systems
that employ other methods and mechanisms of moving
an elevator car within an elevator shaft may employ em-
bodiments of the present disclosure. For example, em-
bodiments may be employed in ropeless elevator sys-
tems using a linear motor to impart motion to an elevator
car. Embodiments may also be employed in ropeless el-
evator systems using a hydraulic lift to impart motion to
an elevator car. FIG. 1 is merely a non-limiting example
presented for illustrative and explanatory purposes.
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[0027] FIG. 2depicts an elevator car 103 and controller
115 in an example embodiment. The elevator controller
115 may include a processor 222, a memory 224, and
communication module 226 as shownin FIG. 2. The proc-
essor 222 can be any type or combination of computer
processors, such as a microprocessor, microcontroller,
digital signal processor, application specific integrated
circuit, programmable logic device, and/or field program-
mable gate array. The memory 224 is an example of a
non-transitory computer readable storage medium tan-
gibly embodied in the controller 115 including executable
instructions stored therein, forinstance, as firmware. The
communication module 226 may implement one or more
communication protocols to communicate with other sys-
tem elements, such as a load weight sensor 310. The
communication module 226 may communicate over a
wireless network, such as 802.11x (WiFi), short-range
radio (Bluetooth), or any other known type of wireless
communication. The communication module 226 may
communicate over wired networks such as LAN, WAN,
Internet, etc.

[0028] The controller 115 may be implemented using
an elevator main controller 320 and an elevator door con-
troller 301. In other embodiments, the controller 115 is a
single controller. The elevator door controller 301 and
elevator main control 320 main include a processor,
memory and communication module as described here-
in. The elevator door controller 301 may include storage
for a predefined elevator load weight value 302 and stor-
age for a detected elevator load weight value 303. The
elevator main controller 320 may include storage for a
door dwell time 321. In embodiments with a single con-
troller, the storage for a predefined load weight value
302, storage for a detected load weight value 303 and
storage for a door dwell time 321 are accessed by the
single controller.

[0029] Theelevatorcar103includes aload weight sen-
sor 310. The load weight sensor may be implemented
using known devices for measuring elevator load weight.
For example, existing load weight sensors are installed
in the floor of the elevator car to measure weight of pas-
sengers and cargo in the elevator car 310. Other types
of load weight sensors 310 may be used in example em-
bodiments. The load weight sensor 310 provides a de-
tected load weight signal to controller 115 which is saved
as the detected load weight value in the storage 303. The
controller 115 then adjusts the elevator door dwell time
in response to the detected load weight value.

[0030] FIG. 3 depicts a flowchart of a process for con-
trolling elevator door dwell time in an example embodi-
ment. The elevator door dwell time is a period of time the
doorremains openinresponse to a door open command.
The process may be executed by controller 115, which
may be a standalone controller or may include the ele-
vator door controller 301 and the elevator main controller
320. The process of FIG. 3 may be executed each time
a door open process is initiated. Reference is made to a
single door, but embodiments apply to elevator doors
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having two panels that meet, two collapsing panels, etc.
[0031] The process begins at 401 where a predefined
load weight value is obtained. The predefined load weight
value serves as a reference to which measure load
weight values are compared to adjust the door dwell time.
The predefined load weight value may be based on ob-
served conditions over operation of the elevator system.
The predefined load weight value may be stored in the
storage for predefined elevator load 302.

[0032] At402, whenadooris opening, the system pre-
pares to detect a current load weight value. This may
include establishing communication between the control-
ler 115 and the load weight sensor 310 via handshaking,
etc. At 403, the load weight value (e.g., the current load
weight) is obtained by the controller 115 from the load
weight sensor 310. The load weight value may be stored
in the storage for detected elevator load 303.

[0033] At 404, the load weight value is compared to
the predefined load weight value. The load weight value
may be subtracted from the predefined load weight value
to generate a difference. At 405, the difference is com-
pared to an adjustable value, for example, zero. If the
difference is greater than or equal to zero, then flow pro-
ceeds to 406 where the elevator door dwell time is de-
creased. In other words, when the load weight value is
less than the predefined load weight value, the door dwell
time may be decreased. The elevator door dwell time
may be decreased by a fixed amount (e.g., 1 second) or
apercentage of the current elevator door dwell time (e.g.,
10 percent). In other embodiments, the elevator door
dwell time is decreased by an amount determined by a
function of the difference determined in block 405. For
example, the elevator door dwell time may be decreased
by the difference (e.g., in kg) multiplied by a correction
factor (e.g., in seconds/kg). For example, a 100 kg dif-
ference may result in a 2 second decrease in the door
dwell time.

[0034] If at 405 the difference is less than the adjust-
able value, then flow proceeds to 407 where the elevator
door dwell time is increased. In other words, when the
load weight value is greater than the predefined load
weight value, the door dwell time may be increased. The
elevator door dwell time may be increased by a fixed
amount (e.g., 1 second) or a percentage of the current
elevator door dwell time (e.g., 10 percent). In other em-
bodiments, the elevator door dwell time is increased by
an amount determined by a function of the difference
determined in block 405. For example, the elevator door
dwell time may be increased by the difference (e.g., in
kg) multiplied by a correction factor (e.g., in seconds/kg).
For example, a 100 kg difference may resultin a2 second
increase in the door dwell time.

[0035] At 408, the adjusted elevator door dwell time
from either block 406 and 407 is stored in controller 115,
for example in storage for door dwell time 321. When the
elevator door is opened, the adjusted elevator door dwell
time is used to control how long the door remains in the
open position. Once the adjusted elevator door dwell time
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expires, the controller initiates closing the elevator door.
The process of FIG. 3 may be executed for each door
opening cycle so that the adjusted elevator door dwell
time is updated regularly.

[0036] FIG. 4 depicts initiating the elevator door dwell
time in an example embodiment. FIG. 4 depicts position
and velocity of the elevator door when going from closed
to open. In conventional systems, the door dwell time is
not initiated until the door is fully opened. In example
embodiments, the door dwell time is initiated when the
door is between a fully closed position and the fully open
position, shown at location 510 in FIG. 4. Passengers
often load and unload when the elevator doors are par-
tially open (e.g., 2/3 open). Starting the elevator door
dwell time when the doors are partially open, as shown
in FIG. 4, will reduce the wait time for the elevator doors
to close. This reduces service time for passengers.
[0037] Embodiments adjust elevator door dwell time
based on a sensed load weight value of an elevator car.
One advantage is that a handicapped passenger or
group of passengers would have enough time to enter
an elevator, while a single passenger would have in-
creased elevator service experience due to less door
dwell time. The door dwell may be calculated just before
the door is opened or closed, which continues the door
opening/closing motion without hesitating. No additional
input device is required from the passengers to adjust
the door dwell time and the passengers need not press
the door open button. This results in a more accurate
service time allocation for each passenger or passenger
group.

[0038] As described above, embodiments can be in
the form of processor-implemented processes and de-
vices for practicing those processes, such as a proces-
sor. Embodiments can also be in the form of computer
program code containing instructions embodied in tan-
gible media, such as network cloud storage, SD cards,
flash drives, floppy diskettes, CD ROMs, hard drives, or
any other computer-readable storage medium, wherein,
when the computer program code is loaded into and ex-
ecuted by a computer, the computer becomes a device
for practicing the embodiments. Embodiments can also
be in the form of computer program code, for example,
whether stored in a storage medium, loaded into and/or
executed by a computer, or transmitted over some trans-
mission medium, loaded into and/or executed by a com-
puter, or transmitted over some transmission medium,
such as over electrical wiring or cabling, through fiber
optics, or via electromagnetic radiation, wherein, when
the computer program code is loaded into an executed
by acomputer, the computer becomes an device for prac-
ticing the embodiments. When implemented on a gener-
al-purpose microprocessor, the computer program code
segments configure the microprocessor to create specif-
ic logic circuits.

[0039] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity and/or manufacturing tolerances based up-
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on the equipment available at the time of filing the appli-
cation.

[0040] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising,” when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0041] Those of skill in the art will appreciate that var-
ious example embodiments are shown and described
herein, each having certain features in the particular em-
bodiments, but the present disclosure is not thus limited.
Rather, the present disclosure can be modified to incor-
porate any number of variations, alterations, substitu-
tions, combinations, sub-combinations, or equivalent ar-
rangements not heretofore described, butwhich are com-
mensurate with the scope of the present disclosure. Ad-
ditionally, while various embodiments of the present dis-
closure have been described, it is to be understood that
aspects of the present disclosure may include only some
of the described embodiments. Accordingly, the present
disclosure is not to be seen as limited by the foregoing
description, but is only limited by the scope of the ap-
pended claims.

Claims

1. A method of controlling an elevator door dwell time,
the method comprising:

obtaining a predefined load weight value;
obtaining a load weight value from a load weight
sensor coupled to an elevator car;

comparing the load weight value to the prede-
fined load weight value to generate a difference;
and

adjusting the elevator door dwell time in re-
sponse to the difference to define an adjusted
elevator door dwell time.

2. The method of claim 1 wherein the adjusting com-
prises decreasing the elevator door dwell time when
the load weight value is less than the predefined load
weight value.

3. The method of claims 1 or 2 wherein the adjusting
comprises increasing the elevator door dwell time
when the load weight value is greater than the pre-
defined load weight value.

4. The method of any preceding claim wherein the ad-
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justing comprises adjusting the elevator door dwell
time by at least one of a fixed amount, a fixed per-
centage and a function of the difference.

The method of any preceding claim wherein the dif-
ference is determined by subtracting the load weight
value from the predefined load weight value.

The method of any preceding claim further compris-
ing opening the elevator door and, upon expiration
of the adjusted elevator door dwell time, closing the
elevator door.

The method of claim 6, wherein the adjusted elevator
door dwell time is initiated before the elevator door
is fully open.

An elevator system comprising:

an elevator car having an elevator car door;
aload weight sensor coupled to the elevator car;
a controller, the controller configured to execute
operations comprising:

obtaining a predefined load weight value;

obtaining a load weight value from the load
weight sensor;

comparing the load weight value to the pre-
defined load weight value to generate a dif-
ference; and

adjusting the elevator door dwell time in re-
sponse to the difference to define an adjust-
ed elevator door dwell time.

The elevator system of claim 8 wherein the adjusting
comprises decreasing the elevator door dwell time
when the load weight value is less than the prede-
fined load weight value.

The elevator system of claims 8 or 9 wherein the
adjusting comprises increasing the elevator door
dwell time when the load weight value is greater than
the predefined load weight value.

The elevator system of any of claims 8-10 wherein
the adjusting the elevator door dwell time comprises
adjusting elevator door dwell time by a fixed amount,
a fixed percentage or a function of the difference.

The elevator system of any of claims 8-11 wherein
the difference is determined by subtracting the load
weight value from the predefined load weight value.

The elevator system of any of claims 8-12 wherein
the controller is configured to open the elevator door
and, upon expiration of the adjusted elevator door
dwell time, close the elevator door; optionally,

wherein the adjusted elevator door dwell time is in-
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itiated before the elevator door is fully open.

14. The elevator system of any of claims 8-13 wherein

the controller includes an elevator door controller
and an elevator main controller.

15. A computer program product for controlling an ele-

vator door dwell time, the computer program product
comprising a non-transitory computer readable stor-
age medium having program instructions embodied
therewith, the program instructions executable by a
processor to cause the processor to implement op-
erations comprising:

obtaining a predefined load weight value;
obtaining a load weight value from a load weight
sensor coupled to an elevator car;

comparing the load weight value to the prede-
fined load weight value to generate a difference;
and

adjusting the elevator door dwell time in re-
sponse to the difference to define an adjusted
elevator door dwell time.
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